ABSTRACT: A serial slaughter study, involving 45 individually housed Yorkshire female pigs, was conducted to evaluate the impact of feeding diets containing ground flaxseed (FS) during either the grower or late finisher phase on the incorporation of α-linolenic acid (18:3n-3) and n-3 highly unsaturated fatty acid metabolites (n-3 HUFA; all n-3 PUFA excluding 18:3n-3) in trimmed loin (longissimus dorsi) and belly (cross-section cut). Growth performance, carcass characteristics, and pork quality were also monitored. The three feeding regimens were 1) feeding a diet containing 10% FS between 25 and 50 kg BW, followed by FS-free diets (low n-3 PUFA content) until 110 kg BW (FS early, FSE; n = 16), 2) feeding no FS diets between 25 and 85 kg BW, followed by a diet containing 6% FS until 110 kg BW (FS late, FSL; n = 17), and 3) feeding FS-free diets between 25 and 110 kg BW (CON; n = 8). Pigs were assigned to 1 of 3 target slaughter weights for determining whole nutrient retention: 50 kg (n = 4 and 5 for FSE and FSL, respectively), 85 kg (n = 4 for FSE and FSL), and 110 kg (n = 8 pigs for FSE, FSL, and CON). An additional 4 pigs were slaughtered to determine initial body composition at 25 kg BW. Pigs on treatments FSE and FSL consumed equal cumulative amounts of FS (5.1 vs. 5.2 kg). Fatty acid content was expressed as milligrams per 100 g of fresh tissue. No treatment effect was observed for growth performance, body composition, carcass characteristics, loin meat quality, and fat content in the loin and belly samples. In the loin, the content of 18:3n-3 at 110 kg BW was greater for FSL than FSE and CON (P < 0.01; 143, 76.4, and 37 mg/100 g, respectively), whereas the contents of 18:3n-3 in the belly were greater for both FSL and FSE than CON (752, 667, and 207 mg/100 g for FSL, FSE, and CON, respectively). Within tissues, the content of n-3 HUFA was similar for FSL and FSE, and both were greater (P < 0.01) than CON for loin (41.7, 30.3, and 17.9 mg/100 g, respectively) and belly (168, 179, and 71.2 mg/100 g, respectively), except for docosahexaenoic acid (22:6n-3) in the loin. Feeding FS tended to reduce the content of arachidonic acid (20:4n-6) and adrenic acid (22:4n-6; P < 0.10) in the loin and belly. In the belly but not in the loin, feeding FS reduced the content of total SFA (P = 0.05) and tended to reduce the content of the sum of MUFA (P = 0.09). Within the loin and belly, the ratio of n-6 to n-3 PUFA and the content of n-3 HUFA were similar for FSE and FSL, with the exception of 18:3n-3 and 20:4n-6 in the loin, for which contents were greater for FSL than FSE (P < 0.05). These results indicate that providing modest amounts of FS leads to a substantial enrichment of 18:3n-3 and n-3 HUFA in pork products. The enrichment of n-3 HUFA appears to be independent of timing of feeding FS, providing flexibility as to when n-3 PUFA can be fed to generate n-3 PUFA-enriched pork products.
INTRODUCTION
Value-added products may be produced by enriching pork with health-beneficial n-3 PUFA such as eicosapentaenoic acid (20:5n-3), docosapentaenoic acid (22:5n-3), and docosahexaenoic acid (22:6n-3; Wood et al., 2004) . Typically, pork contains low concentrations of n-3 PUFA and a high ratio of n-6 to n-3 PUFA (up to 15:1; Simopoulos, 2001 ), exceeding the maximum recommended 4:1 ratio for promoting human health . Several experiments have demonstrated that the fatty acid (FA) profile in pork can be modified by feeding pigs n-3 PUFA from either flaxseed (FS) or fish oil (Romans et al., 1995a,b; Haak et al., 2008; Jaturasitha et al., 2009 ). However, concerns have been raised about negative impacts of feeding n-3 and n-6 PUFA on carcass quality (AveretteGatlin et al., 2003) and some aspects of pork quality, such as color, softness and separation of fat, oxidative rancidity of pork during storage, and fishlike taste of pork products (Kouba et al., 2003; Wood et al., 2004) . Several of these concerns are applicable especially to pigs that are fed corn-based diets because of the relatively high linoleic acid (18:2n-6) content in corn. Moreover, little attention has been given to effective means to generate uniform levels of n-3 PUFA enrichment in different pork products. The latter can be a major concern when n-3 PUFA are included only in the preslaughter diet. In that case, because of the variation in the growth rate and BW within groups, pigs are fed the preslaughter diet containing n-3 PUFA for varying durations before slaughter at a targeted BW (Romans et al., 1995a,b) .
The objective of this experiment was to assess the incorporation of n-3 PUFA such as α-linolenic acid (18:3n-3) and n-3 highly unsaturated FA (n-3 HUFA; all n-3 PUFA except for 18:3n-3) in trimmed loin and belly samples of pigs fed FS during either the grower or late finisher phase. It was hypothesized that cumulative dietary intake of n-3 PUFA, rather than the timing of feeding these FA, determines n-3 PUFA enrichment of pork products. The effects of feeding strategy on growth performance, body composition, carcass characteristics, and various aspects of loin meat quality were also evaluated.
MATERIALS AND METHODS
The University of Guelph Animal Care Committee approved the experimental protocol.
Animals, Diets, and General Design
A total of 45 healthy purebred Yorkshire female pigs, with an initial BW of approximately 20 kg and from 23 different litters, were obtained from the University of Guelph Arkell Swine Research Station (Guelph, ON) in 3 separate blocks of 12, 16, and 17 pigs, respectively, and were transported to the animal metabolism unit. The pigs were previously fed ad libitum a corn-and soybean meal-based pig starter diet providing 14.6 MJ/kg DE and 1.21% standardized ileal digestible Lys. Pigs were fed and penned individually. Housing and general management of pigs were described by .
At the start of the experiment, 4 pigs from 4 different litters (26.8 ± 0.3 kg BW) were slaughtered to determine initial chemical and physical body compositions. Throughout the experiment, pigs (initial BW of 25.6 ± 1.9 kg) were fed 3 times a day (0700, 1500, and 2300 h), and feed intake was fixed at 95% of voluntary daily DE intake according to NRC (1998) and adjusted weekly on the basis of BW. Littermates were randomly assigned to different treatments, and initial BW was balanced across treatments. Figure 1 describes the 3 alternative feeding regimens: 1) feeding a diet containing 10% FS between 25 and 50 kg BW, followed by FS-free diets (low in n-3 PUFA content) until 110 kg BW (FS early, FSE; n = 16), 2) feeding FS-free diets between 25 and 85 kg BW, followed by a diet containing 6% FS until 110 kg BW (FS late, FSL; n = 17), and 3) feeding FS-free diets between 25 and 110 kg BW (CON; n = 8). NRC (1998) . Pigs on flaxseed early (FSE) and flaxseed late (FSL) consumed equal cumulative amounts of ground flaxseed, whereas a free flaxseed feeding regimen served as control (CON). Four pigs were used to determine initial whole-body fatty acid composition at 25 kg BW; thereafter, pigs were killed at 50, 85, and 110 kg BW, respectively (serial slaughter, SS).
Pigs were assigned randomly to 1 of 3 target slaughter weights for determining whole-body FA retention: 50 kg (n = 4 and 5 for FSE and FSL, respectively), 85 kg BW (n = 4 for FSE and FSL, respectively), and 110 kg BW (n = 8 pigs for FSE, FSL, and CON).
For pigs on FSL and between 85 and 110 kg BW, the diet containing 6% FS was prepared by blending the control diet and 7% FS in a 10:90 ratio to achieve similar cumulative FS intakes for pigs on FSE and FSL. The contents of standardized ileal digestible indispensable AA were similar for FS and control diets (MartinezRamírez et al., 2013) and were established on the basis of AA requirements for pigs with high lean tissue growth potentials according to NRC (1998) . Diets contained greater than typical levels of added vitamin E (500 IU/g of product; Table 1 ) recommended for use in growing and finishing pigs (Buckley et al., 1995; Leskanich et al., 1997) . The corn-, soybean meal-, and wheat-based diets were pelleted and formulated to ensure that intakes of vitamins, minerals, and essential FA exceeded their target requirements according to NRC (1998) .
Serial Slaughter, Carcass Measurements, Sample Preparation, and Chemical Analysis
Pigs were slaughtered once they reached their target BW to determine physical and chemical body composition . Procedures for slaughter, carcass dissection, and carcass and loin meat quality evaluation were as described by Martínez-Ramírez et al. (2009) . Loin drip loss measurements were taken according to Honikel (1998) . Loin meat color (L*, a*, and b* values) was determined objectively (Minolta Chromameter CR 200b; Minolta, Toronto, ON, Canada; Mandell et al., 2006) . Proximate analysis methods were as described by Martínez-Ramírez et al. (2008) . Crude fat contents were determined in carcass, viscera, and feed by extraction of 2-g samples using a fat analyzer (Ankom XT20, method 2; Ankom Technology Corp., Macedon, NY) without prior acid hydrolysis. Representative samples of dissected longissimus dorsi (harvested between the 10th and 11th ribs) and central and longitudinal cross sections of the primal belly cut of about 30 g each were taken from the chilled carcass 24 h after slaughter, frozen at -80°C, ground and homogenized under liquid N, and stored at -80°C until analyzed for FA content. Sample preparation and procedures for FA analyses are described in detail by Cruz-Hernandez et al. (2004 and Martínez-Ramírez et al. (2013) . In short, lipid was extracted from 10 g of diets and from 5 g of fresh loin and belly using 150 mL of a mixture of chloroform and methanol (1:1 vol/vol). A rotary evaporator (model RE-131, Büchi Laboratoriums-Technik, Flavil, Switzerland) was used to remove all organic solvents. To accurately analyze the total FA content in the samples and diets, both acid-catalyzed and base-catalyzed methylation procedures were used. The FA content was expressed as milligrams per 100 g of fresh tissue.
Statistical Analysis
The statistical analyses were performed using ANOVA according to the MIXED model procedure of SAS (SAS Inst. Inc., Cary, NC; 1999) using the pigs as the experimental unit, pigs within blocks (n = 3) as the random effect, and dietary treatment as the fixed effect. The effect of litter was deemed not significant (P > 0.10) and was removed from the statistical model. Initial BW was used as a covariate when growth performance was evaluated. Differences among treatment means were assessed using the Tukey-Kramer honestly significant difference test. Probability levels less than P < 0.05 were considered significant, whereas 0.05 < P < 0.10 was considered a trend.
RESULTS

General Observations and Growth Performance
The analyzed contents of crude fat, FA, CP, and other major nutrients of the experimental diets are presented in Tables 1 and 2 . Pigs appeared healthy and readily consumed their feed allowances, and no abnormalities in animal behavior were observed. Pigs on FSE and FSL consumed equal cumulative amounts of FS (5.1 vs. 5.2 kg/pig). Initial and final BW did not differ among treatments (Table 3) . Feeding FS did not affect conventional measures of growth performance (ADG, ADFI, and G:F) over the various BW ranges. Dietary treatment also did not impact whole-body protein deposition (Pd) and whole-body lipid deposition (Ld) over the various BW ranges, and mean Pd and Ld values between initial and final BW are presented in Table 3 .
Body Composition and Carcass Characteristics
Across all observations and BW, gut fill represented 3.99% ± 1.50% of live BW and was not influenced by dietary treatment. The sum of chemical body constituents (protein, lipid, ash, and water) contributed 99.40% ± 0.01% of empty BW, confirming the adequacy of sampling and analytical procedures. On the basis of 4 pigs slaughtered at approximately 25 kg BW (24.7 ± 0.6 kg empty BW), the empty body of pigs at the start of the experiments was estimated to contain 16.70% ± 0.48% CP, 11.80% ± 0.90% crude fat, 2.33% ± 0.16% ash, and 68.90% ± 0.90% water. At each of the slaughter BW, there were no treatment effects on the chemical composition of the empty body and the ratio between wholebody lipid mass and whole-body protein mass (Table 4) . Across treatments and BW, lipid content in blood, viscera, and carcass contributed 0.13% ± 0.08%, 6.21% ± 1.36%, and 93.70% ± 1.41% to whole-body lipid mass, respectively. At the final BW, HCW, back fat thickness, and estimated carcass lean yield, as well as measurements of loin meat quality, such as firmness, wetness, marbling, color, pH, and drip loss, did not differ across treatments (Table 5) . 
Fat and Fatty Acid Content in Loin and Belly
There were no treatment effects on the crude fat content of loin and belly samples (Table 6 ), but the total fat content was greater in the belly compared with the loin (P < 0.01). Among SFA, palmitic acid (16:0) was consistently the major FA in both the loin and belly for all treatments, followed by stearic acid (18:0) and myristic acid (14:0), respectively. The content of odd SFA (15:0 and 17:0) was low in all loin and belly samples and contributed less than 1.0% to the total SFA content. In the belly but not in the loin, pigs on FSL had lower (P < 0.05) content of several SFA and total SFA when compared with pigs on FSE (P < 0.05); pigs fed CON generally had intermediate values, which were different from either test diet. A similar trend was observed among MUFA and the branched-chain 15:0 anteiso and 18:0 iso FA among the diets. In general, contents of the sum of branched-chain FA and MUFA in the loin and belly were similar for pigs on FSE and CON.
Linoleic acid was the main contributor to n-6 PUFA content in both loin and belly, and the 18:2n-6 content in these tissues was not altered by dietary treatment. The contents of the 18:2n-6 metabolites were remarkably similar among treatments, except for arachidonic acid (20:4n-6) and adrenic acid (22:4n-6). The content of 20:4n-6 in the belly was numerically lower and 22:4n-6 was lower (P < 0.05) for pigs on FSE and FSL than on CON but not different between the 2 test periods. In the loin, 20:4n-6 was similar among all diets, but the 22:4n-6 contents were greatest (P < 0.05) in the loin of pigs fed CON.
The content of 18:3n-3 was the greatest among n-3 PUFA in both belly and loin (Table 6 ). In the loin, the content of 18:3n-3 was greater for FSL than FSE and CON (P < 0.05), whereas in the belly, FSL and FSE were similar but greater than CON (P < 0.05). In both belly and loin, the content of n-3 HUFA was similar for FSL and FSE and greater than CON (P < 0.05), except for 22:6n-3 content in the loin, which was not affected by the dietary treatment. The main contributors to total n-3 HUFA content were eicosatrienoic acid (20:3n-3) and 22:5n-3 in both belly and loin. The content of 20:3n-3 and 22:5n-3 was greater for pigs on FSE and FSL than on CON (P < 0.05). In the belly but not in the loin, stearidonic acid (18:4n-3) content was greater (P < 0.05) for FSE and FSL than for CON, and 22:6n-3 content was greater for FSE than for CON (P < 0.05). Total n-3 HUFA content was greater for FSE and FSL than for CON in both loin and belly (P < 0.05). Consequently, the n-6 to n-3 PUFA ratio was greater in CON compared with pigs fed FS-containing diets in both belly and loin (P < 0.05), and no differences were observed between these 2 treatment groups.
DISCUSSION
The design of the current experiment allowed for the assessment of the effects of timing of feeding n-3 PUFA from FS on the retention of n-3 PUFA in the loin and belly of pigs, as well as on various aspects of pig growth performance and carcass quality. This is in contrast to previous studies, in which FA profiles were evaluated in pork products from pigs fed FS immediately before slaughter (Romans et al., 1995a,b; Riley et al., 2000; Corino et al., 2008) . The effects of timing of feeding n-3 PUFA on FA profiles in growing pigs have been evaluated in only a few studies. Lauridsen et al. (1999) , feeding fish oil (3% or 6% of diet) from weaning to 60 kg BW, observed that the proportion of 20:5n-3 and 22:6n-3 in back fat from pigs slaughtered at 110 kg BW was 50% of those observed at 60 kg BW. Haak et al. (2008) explored the effect of feeding either fish oil followed by ground FS or ground FS followed fish oil during the 2 Estimated carcass lean yield. According to the Canadian carcass grading system, percent lean yield is estimated from back fat and loin depth measurements: 68.1863 − (0.7833 × back fat) + (0.0689 × loin depth) + (0.008 × backfat 2 ) − (0.0002 × loin depth 2 ) + (0.0006 × back fat × loin depth) 3 According to National Pork Production Council (NPPC, 1991).
growing (36 to 70 kg BW) and finishing (70 to 100 kg BW) phases of growth, respectively. In that study, contents of 20:5n-3, 22:5n-3, and the sum of all n-3 PUFA in longissimus thoracis at 100 kg BW were similar for both feeding schemes. Jaturasitha et al. (2009) evaluated feeding tuna oil during the grower (35 to 60 kg BW) or finisher (75 to 90 kg BW) phase of growth and observed similar contents of the sum of all n-3 PUFA for the 2 treatments in the loin and back fat samples in pigs slaughtered at 90 kg BW. However, in the work of Jaturasitha et al. (2009), the experimental treatments were confounded with content of n-3 PUFA from fish meal in the control diets that were used when tuna oil was not fed, which contributed to treatment effects on cumulative n-3 PUFA intake. Morel and McIntosh (2001) fed 1.04 kg of FS oil (3% of diet) at different stages of growth to pigs between 23 and 74 kg BW and concluded that 18:3n-3 content in pork back fat was primarily influenced by the total dietary 18:3n-3 and not by the time when 18:3n-3 was fed. In that study, the retention of individual n-3 PUFA and total n-3 HUFA in edible pork tissues were not measured. The current study differed from all previous studies in that the same amount of FS was provided but only during either the growing or the finishing periods, and total lipid accretion was assessed in selected pork tissues as well as the whole body.
Growth Performance and Composition of Growth
In the current study, excellent growth performance was achieved (NRC, 1998) , reflecting the high lean tissue growth potentials of this pig genotype. Moreover, continued the inclusion of ground FS in the diets did not impact the various measures of growth performance that were evaluated in this study, including Pd and Ld. The latter is consistent with previous grower and finisher pig studies (Romans et al., 1995a; Enser et al., 2000; Matthews et al., 2000) . However, Kiarie et al. (2007) observed reductions in growth performance when starter pigs were fed diets that included 12% ground FS. The latter might be a reflection of the relatively high contents of antinutritional factors in FS, such as mucilage, antipyridoxin, cyanogenic glycosides, goitrogens, and allergens (Madhusudhan et al., 1986; Bhatty, 1993) . In general, starter pigs may be more sensitive to antinutritional factors than growing-finishing pigs.
Fatty Acid Content in Pork Tissues
Three repetitive extractions using the chloroform/ methanol (1:1) method were employed to ensure quantitative extractions of total neutral and polar lipids (Christiansen, 1975; Cruz-Hernandez et al., 2004) . In the current study, the n-3 PUFA content in the loin and belly was increased by feeding modest amounts of FS. This result is in general agreement with previous studies (Romans et al., 1995a,b; Enser et al., 2000; Riley et al., 2000; Corino et al., 2008; Haak et al., 2008) . When Riley et al. (2000) fed a preslaughter diet containing 11.4% FS, they observed lower contents of 18:3n-3 (43 mg/100 g tissue) and similar contents of n-3 HUFA (8, 11, 3 mg/100 g of tissue for 20:5n-3, 22:5n-3, and 22:6n-3, respectively) in the loin compared with the current study. Romans et al. (1995a) fed a preslaughter diet containing 10% FS and reported similar contents of 18:3n-3, 20:5n-3, and 22:6n-3 (75, 5.5, 1.8 mg/100 g of tissue, respectively) in the loin, whereas contents of these n-3 PUFA in the belly were lower than in the present study (560, 6.2, 2.5 mg/100 g of tissue, respectively). Observed differences among studies might be attributed to variation in dietary FS inclusion levels, a,b Within the loin or belly, means within rows with different superscripts differ (P < 0.05).
1 FSE (FS early): pigs were fed a diet containing 10% FS between 25 and 50 kg BW and thereafter FS-free control diets up to 110 kg BW; FSL (FS late): pigs were fed FS-free control diets until 85 kg BW and thereafter a diet containing 6% FS up to 110 kg BW; CON: pigs were fed FS-free diets between 25 and 110 kg BW. Up to 85 kg BW, treatments FSL and CON were identical.
2 Pigs in FSE and FSL were fed 5 kg of ground flaxseed during 28 d. The flax diet concentrations in each treatment were 10% and 6%, respectively timing and duration of feeding FS-containing diets, and FA digestibility, as well as pig genotype in terms of rates of fat gain and distribution of fat over the various body fat depots (Romans et al., 1995a; Riley et al., 2000; Kouba et al., 2003; Corino et al., 2008) . The contribution of the sum of all n-3 HUFA to the sum of all n-3 PUFA content in the loin and belly of pigs fed FS was 27.3% and 21.5%, respectively, indicating unique n-3 PUFA profiles across tissues in pigs. Intramuscular fat, which is one of the main fat pools in the loin, is made up primarily of phospholipids, whereas fat in adipose tissue, including the belly, consists primarily of neutral lipids or triglycerides Riley et al., 2000; Corino et al., 2008) . Therefore, differences in the content of the sum of all n-3 PUFA and HUFA between the loin and belly in the present study reflect both the amount and types of lipids deposited in these tissues.
In the current experiment, the content of 18:3n-3 in the belly of pigs on FSE was similar to pigs on FSL but not in the loin, whereas the final content of n-3 HUFA in both tissues was independent of the timing of feeding FS to the pigs. Consistent with the work of Haak et al. (2008) and Jaturasitha et al. (2009) , n-3 HUFA in the loin and back fat were independent of timing of feeding diets containing n-3 PUFA, which may imply a preferential retention of n-3 HUFA in pork when n-3 PUFA are fed to pigs during early stages of growth.
In terms of allometry of growth, inter-and intramuscular fat pools develop earlier than extramuscular fat pools, such as back fat (Kouba et al., 1999) . In addition, in previous studies in our laboratory (Martínez-Ramírez et al., 2006) , it was established that the contribution of intramuscular fat mass to whole-body fat mass was greater at 25 kg BW compared with pigs at 125 kg BW (2.40% vs. 1.73%, respectively). Thus, it may be hypothesized that the FA profile in inter-and intramuscular fat is more reflective of nutrition during the grower phase than during the finisher phase of growth. In a similar manner, feeding pigs with n-3 PUFA just before slaughter is expected to result in a preferential incorporation of n-3 PUFA in extramuscular fat pools, such as back fat (Romans et al., 1995a; Morel and McIntosh, 2001 ). However, the potential effect of feeding n-3 PUFA at various stages of growth on the distribution of neutral and phospholipids lipids within the inter-, intra-, and extramuscular fat pools has not been fully explored and may impact FA profiles in the various tissues as well. On the basis of the results of the current study and supported by the results of others (Haak et al., 2008; Jaturasitha et al., 2009) , n-3 HUFA, but not 18:3n-3 in the loin, seem to be preferentially retained in the intramuscular fat pool when n-3 PUFA are fed during the early stages of growth.
The lower content of 18:3n-3 and the sum of all n-3 PUFA in the loin from pigs on FSE compared with FSL might be due to dilution of n-3 PUFA with FA accreted during the finisher phase of growth, release of 18:3n-3 from intramuscular fat, and the conversion of 18:3n-3 to n-3 HUFA. To maintain an adequate supply of n-3 HUFA for the production of phospholipids, 18:3n-3 can be mobilized from triacylglycerides and converted to n-3 HUFA after a series of elongation and desaturation events (Sprecher et al., 1995) . Once n-3 HUFA are selectively incorporated into phospholipids mainly as membrane constituents, release and β-oxidation of n-3 HUFA may be minimal (Anderson et al., 1972; Jump, 2001 ).
There is a proportional effect of dietary intake of 18:2n-6 and its n-6 HUFA metabolites on the content of n-6 PUFA in pork products (Corino et al., 2008; Haak et al., 2008) . Regardless of feeding FS during either the grower or finisher phases of growth, the content of 20:4n-6 and 22:4n-6 was reduced in the belly but not in the loin. Similar results were observed when n-3 PUFA were fed before slaughter (Huang et al., 2008) . This reduction in the content of 20:4n-6 and 22:4n-6 was accompanied by a corresponding increase of n-3 HUFA in the belly, which may indicate preferential accretion of n-3 HUFA compared to n-6 HUFA. The observation that increased intake of n-3 PUFA reduces the content of n-6 HUFA in body fat is consistent with the inhibitory effect of n-3 PUFA on desaturation and elongation of 18:2n-6 to n-6 HUFA and reflects that both n-3 and n-6 PUFA share enzyme systems that control FA desaturation and elongation (Sprecher et al., 1995; Jump, 2001) . These results are supported by previous experiments in our laboratory ).
In the current study, the main n-3 HUFA detected in both the loin and belly was 20:3n-3. This n-3 PUFA metabolite is a product of 18:3n-3 elongation and is generally not reported when presenting FA profiles in pork products (Romans et al., 1995a,b; Kouba et al., 2003; Haak et al., 2008) . This compares to the recognized pathway of 18:3n-3 metabolism, which involves Δ6 desaturation to 18:4n-3 followed by elongation to eicosatetraenoic acid (20:4n-3), the common n-3 HUFA intermediates in 18:3n-3 metabolism (Sprecher et al., 1995) . In agreement with the current experiment, Riley et al. (2000) , Corino et al. (2008), and Huang et al. (2008) have reported increasing levels of 20:3n-3 in different pork tissues when FS was included in the preslaughter diet. Previously, 20:3n-3 was considered an end product of n-3 PUFA metabolism, which could not be converted to subsequent metabolically active n-3 HUFA (Stubhaug et al., 2005) . However, recent evidence indicates that mammalian species are capable of desaturating 20:3n-3 via 8Δ-desaturase to 20:4n-3, which can be metabolized further in the Sprecher pathway (Park et al., 2009 ).
The 20:3n-3 that accumulates in the pig contributes to the total supply of n-3 HUFA, which can then serve as precursors for n-3 bioactive eicosanoids and membrane structure. The total content of n-3 PUFA in enriched pork products provides health benefits to the consumers.
According to the Institute of Medicine (2002) , the minimum recommended intake of 18:3n-3 is 1.1 g/d (or 0.6% of the dietary energy intake). The Canadian government requires 300 mg of n-3 PUFA per 100 g of serving for an enrichment claim (Canadian Food Inspection Agency, 2013) . On the basis of the result of the current experiment, 100 g of n-3 PUFA-enriched loin supplies 143 and 187 mg of 18:3n-3 and n-3 PUFA, respectively, which is much greater than the 37 and 58 mg of 18:3n-3 and n-3 PUFA, respectively, for the CON treatment. The corresponding values for 100 g of n-3 PUFA-enriched belly were 752 and 925 mg of 18:3n-3 and n-3 PUFA, respectively, compared with 207 and 282 mg of 18:3n-3 and n-3 PUFA, respectively, for the CON treatment. A daily intake of 50 g of loin and 50 g of belly would therefore contribute about 448 and 556 mg of 18:3n-3 and n-3 PUFA, which approaches half of the minimum recommended daily intake of n-3 PUFA necessary to provide health benefits to consumers. Canadian and U.S. regulations define the content of nutrients in meats in terms of serving size of 100 g of fresh tissue. Such a portion represents about 50% of a typical serving of trimmed pork chop or 2 servings of bacon.
The n-6 to n-3 PUFA ratio in the human diet has been considered a risk factor for developing different types of cancer and coronary heart disease (Wood et al., 2004 ). In the current experiment, the n-6 to n-3 PUFA ratio was consistently reduced in the belly and loin of pigs fed FS. The reduction in this ratio was consistent with studies in which diets containing FS or fish products were fed (Morel and McIntosh, 2001; Corino et al., 2008; Haak et al., 2008 ). In the current experiment and for treatments FSE and FSL, the n-6/n-3 PUFA ratios in the belly and loin approached the optimum value of 4 suggested by Wood et al. (2004) .
Several studies have reported that dietary fat intake, in particular n-3 PUFA, suppresses the transcription of many genes involved in de novo lipogenesis, including fatty acid synthase, stearoyl-CoA desaturase-1, l-pyruvate kinase, and S14 protein (Jump et al., 1994; Kim et al., 1999; Xu et al., 1999) . As a consequence, the contribution of SFA and MUFA to the sum of all FA can be reduced when feeding n-3 PUFA. The latter is consistent with the observed lower content of SFA (8:0, 10:0, 12:0, 16:0, and the sum of all SFA) and MUFA (9c-14:1, 9c-16:1, 11c-16:1, 11c-18:1) in the belly of pigs fed FS just before slaughter (FSL). The reduction of SFA and MUFA in the belly was less when FS was fed during the growing phase. Similar results of SFA and MUFA reductions were observed by Specht-Overholt et al. (1997) , Kouba et al. (2003), and Huang et al. (2008) . Wood et al. (2004) have shown a correlation (r = 0.70) between the content of SFA (18:0 in particular) and cohesiveness, firmness, and melting point in belly and ham pork products. Even though no side effects were observed for meat quality in pigs on FS treatments, concerns regarding different aspects of pork quality have been noted, such as separation of fat, firmness, and oxidative rancidity status of pork during storage (Bryhni et al., 2002; Kouba et al., 2003; Wood et al., 2004) . These concerns increase when the content of FS (n-3 PUFA) in preslaughter diets exceeds 15% and when these diets are fed for more than 28 d immediately before slaughter (Romans et al., 1995b) . The latter is especially a concern in pigs fed high levels of corn products in pig diets, raising the total content of n-6 PUFA, specifically 18:2n-6, when these corn-based diets are fed.
In conclusion, these results indicate that feeding modest amounts of ground flaxseed leads to an enrichment of n-3 PUFA in pork products without affecting growth performance, body composition, carcass quality, or various measures of loin meat quality. The content of 18:3n-3 appears to be affected by both the time of feeding and the type of fat pool into which it is deposited when FS rich in 18:3n-3 is offered. The contents of the highly unsaturated fatty acids (20:3n-3, 20:5n-3, 22:5n-3, and 22:6n-3) and the ratio of n-6 to n-3 PUFA in the loin and belly samples appear to be independent of timing of feeding ground FS to growing pigs, which provides flexibility as to when n-3 PUFA can be fed for generating n-3 PUFA-enriched pork products.
